Background: Preliminary testing of novel drugs for colorectal conditions must be performed on animal models, with invertebrate models desirable for practical reasons. The insect excretory organs, the Malpighian tubules, have been cited as models for human renal disease research because they differentially express several genes homologous to those differentially expressed in human kidneys. Their role in excretion and homeostasis suggests that they could be models for human colorectal disease. The insect Carausius morosus (Phasmatodea) has been a model organism for decades. Regarding its potential use as a colorectal disease model, it has an advantage over other insects in that excretion in Phasmatodea is split between two organs: Malpighian tubules and the Phasmatodea-specific "appendices of the midgut". Objectives: To find homologues of human colon genes expressed in the excretory tissues of C. morosus for potential use in drug testing and other experiments requiring an animal model. Methods: Pre-existing transcriptomics data for the excretory system of the C. morosus were examined to find genes homologous to those known to have elevated expression in the human colon. This was done with the goal of possibly determining the excretory tissues in which they are differentially expressed. Results: Exactly sixty transcripts from the excretory system transcriptome of C. morosus showed high sequence homology with human colon-specific genes, with a minimum e-value of 1e-50. Examples include solute carriers, myosin, bestrophin, carbonic anhydrase, and nitric oxide synthase. Several genes were identified with prognostic value for renal, pancreatic, endometrial, liver, skin, and urothelial cancers. Conclusions: C. morosus can be used as model insect for human medical research applications, including colorectal drug testing.
Background
Advances in "-omics" technologies and the evergrowing data they produce provide much novel insight into colorectal cancer and other diseases (1) . Transcriptomics data in particular helps identify specific genes that are highly and/or differentially expressed in specific tissues. Once genes are identified, follow-up research can include testing drugs that affect gene expression or protein production. The integration of genomic, proteomic, and transcriptomic data enables researchers to rapidly identify potential genes of interest (2) . The Human Protein Atlas is one such database of integrated human "-omics" data (3, 4) . Regarding the colon, the database presently shows that of the 13496 proteins expressed in the colon (69% out of the total 19613), 166 are differentially expressed there compared to all other tissues (5) .
Animal models have been used for a long time in colorectal drug discovery and testing, though the models are predominantly vertebrates such as dogs, pigs, and rodents (6) . Experimenting on vertebrates is slow, expensive, and not compatible with certain ethical beliefs. Thus, alternatives to vertebrate animal research models are desirable in colorectal research as in other biomedical fields (7) . Insects, which are cheaper to rear, can be experimented on with larger sample sizes at much faster rates, with insect welfare being less of a concern to most animal rights activists. While insects and humans certainly have considerable morphological and physiological differences, many of the key vital functions and their associated genes and proteins are homologous, predating our least common ancestor. Insects are thus a valid alternative to vertebrates for preclinical research (8) . Insects have also benefitted from the "-omics" revolution, and a growing amount of data is available from which to search for genes of interest and run comparative genomic/proteomic assays.
It is likely that insects can be used as models for colorectal disease, with the associated benefits in terms of cost, time, and ethics (6) . The main obstacle to such practice is a lack of knowledge of insect proteins that are homologous to the human colon proteome. Compare this with the known homology between insect and human hemocytes (8) and excretory organs (9) . The insect equivalents of the human nephrons are the Malpighian tubules (MpgTs), which collect nitrogenous and ionic wastes as well as certain xenobiotics, and produce a primary urine that is excreted into the hindgut and passed with food waste (10, 11) . Experiments with the model insect Drosophila melanogaster, the fruit fly, confirm that these analogous functions of homeostasis and excretion come with homologous genes to those of the human kidney, including dozens of highly expressed Drosophila MpgT genes with close homology to human renal disease genes (9) . While vertebrates may be more phenotypically similar to humans, genetically the insects are suitable models, as the main functions essential to life and their associated genes have been conserved across millions of years of evolution (9) .
While Drosophila is well studied, it might not be the best model for excretory or colorectal disease research. The stick insects, or Phasmatodea, have split their excretory functions between the MpgTs and another, Phasmatodeaspecific system currently referred to as the "appendices of the midgut" for lack of a better term (12) . Similar to and evolutionarily derived from MpgTs, the appendices of the midgut (AoMs) arise from the midgut rather than the hindgut, appearing to excrete different compounds (12) . This division of labor has been confirmed with transcriptomics data from the historic model stick insect, Carausius morosus (13) , demonstrating that several genes are differentially expressed in either the AoMs or the MpgTs (14) . If either of these organs express genes homologous to human colon genes, then not only can C. morosus and other Phasmatodea be used in animal testing for colorectal pharmaceuticals, but also they may be a superior model to other insects where all excretory function is done by the same tubules, meaning non-target and target genes overlap and are harder to respectively control and test in the same experiment. In addition, Phasmatodea are known to develop pseudotumors in their gut (15, 16) , making them one of the few insects with documented neoplasms and, thus, one of the few insects that could be research models for human cancers -gastrointestinal or otherwise.
Objectives
The goal of this study was to examine the published C. morosus excretory system transcriptome for transcripts homologous to the 166 genes differentially expressed in the human colon. A further goal was to see in which of the insect's excretory organ tissues they are highly and/or differentially expressed, and whether any of the human homologues are known to have favorable or unfavorable prognostic value for cancer.
Methods
The methods are taken from the work identifying human kidney gene homologues in Drosophila transcriptomes (9) (Figure 1 ). The C. morosus transcriptome comes from a previous publication (14) , in which transcriptomes were made separately for the AoMs, MpgTs, and the tissue of the midgut (MG) between the origins of these tubes. The raw Sequence Read Archive (SRA) data is available in GenBank (accession number: PRJNA314295), and the assembled transcriptome of 73143 contigs is available on DRYAD (DOI: 10.5061/dryad.5rm68) (14) . A nucleotide BLAST database from this transcriptome was made using an offline, terminal-based BLAST program (17) . 1 . Flowchart of the procedure used in this study. A publicly-available Carausius morosus excretory tissue transcriptome was converted into a BLAST-searchable database (17) . Ensemble IDs for human colon-specific genes (5) were taken from the Human Proteome Atlas (2-4) and used to download the cDNA sequences of these genes from the Ensemble Biomart (18) . These cDNA sequences were used as a tBLASTn (17) query on the C. morosus database, and the results were all C. morosus excretory system transcripts homologous to human colon-specific genes.
Carausius Transcriptome Human Colon Gene IDs
Ensembl ID's for the 166 human colon-specific genes were obtained from the Human Protein Atlas website (2) (3) (4) (5) , before being used to download the associated unique cDNA sequences from the Ensembl Biomart dataset Ensembl Genes 96, Human Genes GRCh38.p12 (18) . These were used as queries with tBLASTn (17) to examine the C. morosus transcriptome for homologous sequences with a con-2
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servative e-value cutoff of 1e-50. Data from the original C.
morosus transcriptome publication (14) on genes that are differentially expressed in each tissue were added to the results, as well as data from the Human Protein Atlas on the cancer prognostic P values based on Kaplan-Meier analysis, where high expression of a gene is associated with favorable or unfavorable survival prognosis (19, 20) . These data are combined together in Appendix 1 in Supplementary File.
Results
A total of 60 C. morosus excretory system transcripts were found to be homologous to the 166 human genes differentially expressed in the colon, with some of these insect transcripts homologous to more than one human gene (Appendix 1 in Supplementary File). Of these, 43 were "differentially expressed" in one of the three C. morosus tissues according to the Cufflinks (http://cole-trapnelllab.github.io/cufflinks) analysis from Shelomi et al. (14) . Three were also "highly expressed", defined as expression levels greater than 10 times the mean (14) . Nine of these genes have unfavorable prognostic P values in humans for renal, pancreatic, liver, and skin cancers, as well as favorable P values for renal, endometrial, and urothelial cancers. None of the human genes linked to colorectal cancer had insect homologues above the inclusion threshold.
Examples of genes differentially expressed in the human colon with homologues in insect excretory tissue include ATPase phospholipid transporter 10B (ATP10B, with six homologous C. morosus genes), bestrophin (BEST2 and BEST4, with one C. morosus homologue), carbonic anhydrase (CA1, CA2, and CA7, with one C. morosus homologue), hepatocyte nuclear factor 4 alpha (HNF4A, with four C. morosus homologues), monoacylglycerol O-acyltransferase 3 (MOGAT2 and MOGAT3, with one C. morosus homologue), myosin 1A (MYO1A, with at least 11 C. morosus homologues), nitric oxide synthase 2 (NOS 2 , with two C. morosus homologues), solute carrier family 17 member 4 (SLC17A14, homologous to four C. morosus inorganic phosphate cotransporter genes), solute carrier family 26 members 2 and 3 (SLC26A2 and SLC26A3, homologous to three C. morosus solute carrier family 26 member 10-like isoforms), UDP glucuronosyltransferase family 2 member B17 (UGT2B17, with at least 11 C. morosus homologues), and Villin 1 (VIL1, with two C. morosus homologues). Notable human colonspecific genes with no homologues identified in the C. morosus excretory organs include aquaporin, carcinoembryonic antigen related cell adhesion molecule 5, chloride channels, claudin, insulin, intelectin, galectin, mucin, neurexophilin, otopetrin, resistin, and tetraspanin.
Discussion
The finding of 60 C. morosus excretory organ genes homologous to human colon disease genes, among which 43 are differentially expressed and 3 are highly expressed, is a comparable result to that of Wang et al.'s assay seeking renal function homologue genes in Drosophila MpgTs (9) . This paper's e-value cutoff of 1e-50 is conservative: if larger e-values such as the default e-10 were tolerated, even more homologous genes would have been found. Note too that the query in this study was limited to genes for colon-specific proteins rather than all the 13496 proteins expressed in the colon, reducing the likelihood of finding a match in the insect transcriptome. For example, C. morosus excretory organs are known to express aquaporins, chloride channels, and otopetrin (14) , even though none were identified in this study. Some of these insect genes may be homologous to those expressed in multiple human tissues including the colon, though none were homologous with the 166 colon-specific genes. Likewise, the C. morosus transcriptome was produced solely with excretory tubule and gut tissues, not with the whole body as was done in Wang et al.'s Drosophila assay (9) . This means that colon gene homologues may exist in non-excretory C. morosus tissues. Even with these limitations, a considerably number of Phasmatodea gene homologues to human colonspecific genes and human cancer genes were found. Disappointingly, no homologues were found to colorectal or gastric cancer genes.
Conclusions
Carausius morosus and other stick insects can be used as model insects for human medical research, including drug testing for renal and colorectal disease. Further experimental data in required on the compounds that affect the primary urines of the AoMs compared with the MpgTs, the genes that are involved in Phasmatodean pseudotumor production, and the genes that are expressed in the C. morosus hindgut itself. One these details are revealed, the use of stick insects as model insects for colorectal drug testing may become a reality. Funding/Support: Matan Shelomi is funded in part by the Ministry of Science and Technology of Taiwan, grant no. 106-2311-B-002-002-MY3.
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